Abstract Purpose: To provide a guideline curriculum covering theoretical and practical aspects of education and training for Medical Physicists in Nuclear Medicine within Europe. Material and methods: National training programmes of Medical Physics, Radiation Physics and Nuclear Medicine physics from a range of European countries and from North America were reviewed and elements of best practice identified. An independent panel of experts was used to achieve consensus regarding the content of the curriculum. Results: Guidelines have been developed for the specialist theoretical knowledge and practical experience required to practice as a Medical Physicist in Nuclear Medicine in Europe. It is assumed that the precondition for the beginning of the training is a good initial degree in Medical Physics at master level (or equivalent). The Learning Outcomes are categorised using the Knowledge, Skill and Competence approach along the lines recommended by the European Qualifications Framework. The minimum level expected in each topic in the theoretical knowledge and practical experience sections is intended to bring trainees up to the requirements expected of a Medical Physicist entering the field of Nuclear Medicine. Conclusions: This new joint EANM/EFOMP European guideline curriculum is a further step to harmonise specialist training of Medical Physicists in Nuclear Medicine within Europe. It provides a common framework for national Medical Physics societies to develop or benchmark their own curricula. The responsibility for the implementation and accreditation of these standards and guidelines resides within national training and regulatory bodies.
Introduction
To assist clarity, in this document we will often refer to Medical Physicists working (or training for a career) in Nuclear Medicine as Nuclear Medicine physicists.
Nuclear Medicine is a branch or specialty of medicine and medical imaging that uses radionuclides (unsealed sources of ionising radiation) and relies both on the emission of different kinds of ionising radiation and on the process of radioactive decay for the diagnosis and treatment of disease. Nuclear Medicine physicists are members of the multi-disciplinary clinical team responsible for diagnosis and therapy of disease. The role of Nuclear Medicine physicists is to provide critical scientific input on the physical processes and technology that underpin the whole Nuclear Medicine pathway. In Nuclear Medicine procedures, radionuclides are combined with other chemical compounds or pharmaceuticals, to form radiopharmaceuticals. These radiopharmaceuticals, once administered to the patient, can localize to specific organs or cellular receptors. The external detection of radiation emitted by the radionuclide e often called a radiotracer e allows the behaviour of the compound within the body to be followed, thus providing relevant information on the metabolism of the vector, usually but not exclusively, through information obtained by imaging. This property of radiopharmaceuticals allows Nuclear Medicine the ability to determine the extent of physiological processes in the body, based on cellular function and physiology. Additionally, specific vectors combined with short-range particle emitters can by used to selectively irradiate targets (molecular radiotherapy). In this respect, Nuclear Medicine qualifies as an independent medical discipline providing "functional imaging" modalities and radiation oncology options in a clinical setting.
Generally, Nuclear Medicine physicists design and develop the framework of radionuclide handling and delivery, radiopharmaceutical dosimetry, optimisation, quality assurance of individual patient's treatments and of the medical imaging equipment, including radiation safety of the patient and staff. Specifically, the Nuclear Medicine physicist provides expert advice on the development, implementation and improvement of medical imaging with radionuclides and the treatment of benign or malignant diseases with radiopharmaceuticals. The Nuclear Medicine physicist's role is key to the enabling of the practice of safe, state-of-the-art Nuclear Medicine diagnosis and treatment.
In order to acquire and maintain sufficient knowledge and an appropriate level of competence, both initial and continuing education and training are necessary. European legislation has challenged many professional organisations to propose harmonised professional standards of high quality. The European Union's Directives concerning basic safety standards [1] and medical exposures [2] have made it a statutory requirement to involve physicists in the medical uses of ionising radiation and have given impetus to the discussions of education and training requirements in Medical Physics. The European Federation of Organisations for Medical Physics (EFOMP) and the European Association of Nuclear Medicine (EANM) have recently started collaborating on scientific, education and training issues of common interest in the field of Nuclear Medicine. The two organisations have a long-standing commitment to improve clinical practice, science, development, education and training. These guidelines represent the first common attempt by the two organisations to accommodate the contemporary requirements for the knowledge/skills/ competences needs in this rapidly evolving field.
The role of EANM
The European Association of Nuclear Medicine was founded in 1985 as the umbrella organisation of Nuclear Medicine in Europe and represents the sector towards the European Institutions. Within this role, the EANM aims at advancing science and education in Nuclear Medicine for the benefit of public health. Moreover, the EANM aims at promoting and coordinating, throughout Europe and beyond, discussion and exchange of ideas and results relating to the diagnosis, treatment, research and prevention of diseases through the use of unsealed radioactive substances. The goal of the EANM is thus to provide a suitable medium for the dissemination and discussion of the latest results in the field of Nuclear Medicine and related subjects.
The Physics Committee together with the Dosimetry Committee of EANM have the task to lead the formal input of Medical Physics advice to the EANM Executive Committee, and to coordinate the activities related to Medical Physics and Dosimetry within the EANM. The committees identify areas of Nuclear Medicine practice in Europe that would benefit from formal input from Medical Physicists, by way of guidelines, standards, education and training or evaluation. The Physics Committee in particular has established formal links with EFOMP in order to coordinate work on Physics and Instrumentation topics. The Dosimetry Committee collaborates with international organisations or committees, such as the MIRD committee of the American Society of Nuclear Medicine (SNM) and the IAEA (International Atomic Energy Agency). Both committees issue guidelines, published in the European Journal of Nuclear Medicine and Molecular Imaging (EJNMMI) and other European Journals in this field, on various topics related to Medical Physics in Nuclear Medicine. In addition, they participate in the elaboration of clinical guidelines by reviewing their Medical Physics content (image acquisition and processing, instrumentation QA, radiation safety and dosimetry).
The role of EFOMP
EFOMP is an umbrella organisation for national Medical Physics organisations, with one of its main objectives the harmonisation and promotion of the best practice of Medical Physics within Europe. To accomplish its goals, EFOMP has presented various recommendations and guidelines in a number of Policy Statements, which have been unanimously adopted by EFOMP Member Organisations. Policy Statement No. 9, "Radiation Protection of the Patient in Europe: The Training of the Medical Physics Expert in Radiation Physics or Radiation Technology" [3] , is the EFOMP response to the Medical Exposure Directive, 97/ 43/Euratom [2] . Here EFOMP presents its recommendations on the role and the competence requirements of the Medical Physics Expert (MPE), as defined in this Directive [2] , together with recommendations on education, training and Continuing Professional Development (CPD). General criteria for structured CPD have been laid down by EFOMP in Policy Statement No. 8, "Continuing Professional Development for the Medical Physicist" [4] . CPD is the planned acquisition of knowledge, experience and skills, both technical and personal, required for professional practice throughout one's working life. EFOMP recommends that all Medical Physicists who have completed their basic education and training should be actively involved in CPD to maintain and increase competence and expertise after qualification. The EFOMP approach to achieve harmonisation is to encourage the establishment of national education and training schemes at all levels in line with EFOMP recommendations. Guidelines for formal EFOMP recognition of National Registration Schemes for Medical Physicists were established in 1995 [5] . EFOMP approval requires inter alia clear statements of theoretical and practical competences, as well as training programmes consistent with the EFOMP policy on training, and a regular renewal mechanism. CPD is now being recommended as the best way to meet the requirement for a renewal mechanism, and Policy Statement No. 10 "Recommended Guidelines on National Schemes for Continuing Professional Development of Medical Physicists" [6] , and Policy Statement No. 12 "The present status of Medical Physics Education and Training in Europe. New perspectives and EFOMP recommendations" [7] , recommend National Member Organisations to set up their own detailed CPD Scheme. In Policy Statement No. 12 additional recommendations on education and training of Medical Physicists within the context of the current developments in the European Higher Education Area arising from "The Bologna Declaration", and with a view to facilitate the free movement of professionals within Europe, are given. Other initiatives in educational issues have been developed by EFOMP in cooperation with ESTRO [8] ("Guidelines for education and training of Medical Physicists in radiotherapy. Recommendations from an ESTRO/EFOMP working group."). EFOMP is a partner in the EC project to develop a guidance document on Medical Physics Expert (MPE) that includes the required Education and Training of the MPE. A more recent EC project is the updating of the "Guidelines on education and training in radiation protection for medical exposures" [9] . EFOMP is also a partner in this project.
This curriculum for Medical Physicists in Nuclear Medicine arises from the necessity to update the education and training requirements to accommodate today's competence needs in modern Nuclear Medicine.
This document includes also other competence areas as organizational competence, professionalism, communication, collaboration, social actions, in addition to Nuclear Medicine physics skills and knowledge.
Definitions Medical Physics and Medical Physicist (MP)
There is a wide acceptance of the definition of Medical Physics. Internationally respected organizations such as IOMP (International Organization for Medical Physics), AAPM (American Association of Physicists in Medicine) and EFOMP have adopted similar definitions: "Medical Physics is an applied branch of physics concerned with the application of the concepts and methods of physics to the diagnosis and treatment of human disease".
In an IOMP Policy Statement still under preparation [10] an updated definition is given of Medical Physics and of the Medical Physicist:
"Medical Physics is a branch of Applied Physics, pursued by Medical Physicists, which uses physics principles, methods and techniques in practice and research for the prevention, diagnosis and treatment of human diseases with a specific goal of improving human health and well-being. Medical Physics may further be classified into a number of sub-fields (specialties), including the following:
-Radiation Oncology Physics -Medical Imaging Physics -Nuclear Medicine Physics -Medical Health Physics (Radiation Protection in Medicine) -Non-ionizing Medical Radiation Physics -Physiological Measurement" "Medical Physicists are professionals with education and specialist training in the concepts and techniques of applying physics in medicine. Medical Physicists work in clinical, academic or research institutions. Medical Physicists working in the clinical environment are health professionals, with education and specialist training in the concepts and techniques of applying physics in medicine, competent to practice independently in one or more of the sub-fields (specialities) of Medical Physics."
Hence a Medical Physicist is a person, qualified with a university degree majoring in physics with specialized education and training in the concepts and techniques of applying physics to medicine and healthcare. In some countries the term 'Medical Physics' is often used as synonymous with 'clinical Radiation Physics' whilst in others the interpretation is much broader, with considerable overlap with biomedical (or clinical) engineering.
A recent definition from the IAEA is as follows and explicitly relates Medical Physics to radiation protection: "A Medical Physicist is a healthcare professional who specialises in the application of physics in medicine and has the knowledge and responsibility for the radiation protection of patients, staff and the public".
However, more detailed definitions are given for the professional Medical Physicist, according to their degree of education and training by the professional organizations, in particular by EFOMP, as in its Policy Statement No. 7 [11] and No. 10 [6] .
For a matter of clarity in the following we will refer to Medical Physicist (MP) in accordance to the most recent IOMP definition, as described above [10] .
Medical Physics Expert (MPE)
The title "Medical Physics Expert" was introduced somewhat vaguely in 1997 in Council Directive 97/43/Euratom of 30 June 1997 [2] on health protection of individuals against the dangers of ionising radiation in relation to medical exposure ("the MED directive"). It had to be transposed into the national legislation in all European countries, defining the Medical Physics Expert in national legislation. However, due to the lack of clarity or a uniformity of criteria, the definition of the Medical Physics Expert is implemented differently across Europe.
A new directive, the Euratom Basic Safety Standards Directive (Draft Version 24 February 2010) [12] gives a new definition of the Expert. This directive will revoke both Council Directive 96/29/Euratom of 13 May 1996 [1] , concerning basic safety standards for the protection of the health of workers and the general public against the dangers arising from ionising radiation ("the BSS") and the MED directive [2] . The new directive provides a clearer definition of the Medical Physics Expert:
"An individual having the knowledge, training and experience to act or give advice on matters relating to Radiation Physics applied to medical exposure, whose competence to act is recognized by the competent authorities".
In 2010, the European Commission launched a 2-year project on MPE to provide for improved implementation of the MED and to facilitate the harmonization of MPE among the Member States aiming at their cross-border mobility ("Guidelines on Medical Physics Expert Project", TREN/09/ NUCL/SI2.549828). The MPE project was assigned to a Consortium led by the Complutense University of Madrid (http://portal.ucm.es/web/medical-physics-expertproject). As a final outcome of this project a "European Workshop on Medical Physics Expert" was held in Sevilla (Spain) on 9e10 May 2011 and the results of the workshop are available at the website http://portal.ucm.es/web/ medical-physics-expert-project.
The Medical Physics Expert is an important role of the Medical Physicist with a high level of expertise in one or more specialities of Medical Physics associated with the use of ionising radiation in medicine. This is particularly true for an MP in Nuclear Medicine, where most if not all of the activities are related to the use of ionizing radiation.
The content of this curriculum is aimed to bring trainees up to the level of competence to act and practice independently in the field of Nuclear Medicine.
Hence, in the following guidelines the competences, skills and knowledge needed for Medical Physicists in Nuclear Medicine will be described.
Education and training scheme
Article 7 of the MED directive [2] states that "Member States shall ensure that practitioners and other individuals mentioned in Articles 5(3) and 6(3) have adequate theoretical and practical training for the purpose of radiological practices, as well as relevant competence in radiation protection. For this purpose Member States shall ensure that appropriate curricula are established and shall recognize the corresponding diplomas, certificates or formal qualifications".
Also under paragraph 3 of Article 7 is stated that "Member States shall ensure that continuing education and training after qualification is provided and, in the special case of clinical use of new techniques, the organization of training related to these techniques and the relevant radiation protection requirements".
One of the individuals mentioned in the above articles, is the Medical Physics Expert (MPE) and particularly, paragraph 3 of Article 6 states "In radiotherapy practices a Medical Physics Expert shall be closely involved. In standardized therapeutic Nuclear Medicine practices and in diagnostic Nuclear Medicine practices, a Medical Physics Expert shall be available. For other radiological practices, a Medical Physics Expert shall be involved, as appropriate, for consultation on optimization including patient dosimetry and quality assurance including quality control, and also to give advice on matters relating to radiation protection concerning medical exposures, as required".
As stated earlier, the Medical Physics Expert is a key role of the Medical Physicist and therefore the MPE is very relevant to the recognition of the profession and to the free movement of the MP in Europe. Hence, this has a strong impact on education and training of MPs and of Nuclear Medicine physicists in particular. Very recently ISCO (The International Standard Classification of Occupations) has accepted the recommendation by the ILO (International Labour Organization) and has listed Medical Physics among the professions. The MP has been classified within the physics group, but with the special provision that Medical Physicists are also part of the "healthcare professions" group, when they operate in the clinical environment [13] . Due to the rapid advancement of medical equipment and procedures in the medical field there is an increasingly high dependence on educated professionals. The quality level of the Medical Physics Service provided is linked to the number of such highly educated professionals in relation to the number and complexity of the medical devices available in a specific health-care facility. In addition, modern Health Care Services are facing continuously growing demand for increased competence, specialization and cost effectiveness. The Medical Physics Service of a healthcare facility faces the same demands. Hence, Continuing Professional Development is vital for the MP profession to function in tandem with the pace of change occurring in medical practice. CPD promotes excellence within the profession and protects the professionals and the public against the potential dangers of ionizing radiation and suboptimal equipment.
There has been a continuous discussion in the scientific community on the education and training scheme necessary for a "modern" Medical Physicist. The obsolescence of a simple Master in Science degree has been recently discussed [15] , and emphasis has been placed on the necessity that research should be an integral part of a Medical Physics graduate program [16] .
The education and training of the MP must be in line with the Bologna declaration, the tuning process for the educational structures in Europe and the recommendation of the European Parliament and of the council of 23 April 2008 on the establishment of the European qualifications framework for lifelong learning.
In particular, Learning Outcomes (LO) of educational and training programmes are expressed in terms of Knowledge, Skills and Competence (KSC): a) Knowledge covering facts, principles, theories, practices b) Skills as the ability to use knowledge and know-how to complete tasks and solve problems (both cognitive skills involving the use of logical, intuitive and creative thinking and practical skills involving manual dexterity and the use of methods, materials, tools and instruments) c) Competence meaning responsibility and autonomy.
LOs for the Medical Physicist (MP) are classified into two categories: Generic and Subject Specific.
Generic LO consist of skills, which are transferable across professions. They can be further classified into three sub-categories: i) Instrumental skills: cognitive, methodological, technological, linguistic ii) Interpersonal skills: individual abilities involving social and co operational aspects iii) Systemic skills: involving combinations of understanding, sensibility and knowledge and usually involving prior acquisition of instrumental and interpersonal skills.
These generic LO are common to all academic professions and will not be discussed here.
Subject specific LO are those that are specific to the profession. These may be further classified into subcategories as determined by the particular profession (see Fig. 1 ). In the case of Subject Specific LO for the MP the following categories are proposed:
LO appropriate for the MP as physical scientist (these are fundamental physics knowledge and measurement skills expected of all physicists) LO for the MP as a healthcare professional LO for the MP as clinical medical device/physical agents expert (these are common LO applicable to all medical devices and safety from all associated physical agents). This section could be further divided in subsections LO for the various specializations of the MP. These would essentially consist in the application of the LO in a)ec) above to the various specializations of the MP.
In the case of Medical Physicists, the areas of specializations are: Diagnostic & Interventional Radiology, Nuclear Medicine, Radiotherapy, Non-ionizing Radiation Applications and Physiological Measurements. These guidelines will only consider those required for Nuclear Medicine and will be presented in the next section.
Core curriculum for a Medical Physicist in Nuclear Medicine
In the following three Subsections the KSC as required for a Medical Physicist and common to all specialties are indicated. These are a prerequisite before developing the necessary KSC for any subspecialty area of Medical Physics. In the last Subsection the KSC specifically needed for a Nuclear Medicine Physicist will be illustrated.
Learning Outcomes for the MP as physical scientist Explain the basic principles of quantum theory. Describe the structure of the atom and nucleus and define the terms 'isotope' and 'isobar'.
Explain nuclear and electron energy levels, ionization, nuclear isomers and the Auger effect. Describe and explain the structure of the periodic 
Learning Outcomes for the MP as a healthcare professional
List and describe the main types of nuclear reactions. List and describe the basic characteristics of common electronic components and integrated circuits. Describe the general design of a measuring instrument. List and explain the specifications of measuring instruments including accuracy, SNR, precision, range of measurement, resolution, reliability (repeatability, reproducibility, consistency, stability, ruggedness), sensitivity, specificity, linearity, response time. Describe in detail and quantitatively the main types of sensors, their mode of action and response: mechanical (position, velocity, force, pressure, sound and ultrasound), temperature, electric and magnetic fields, voltage, ionizing electromagnetic radiation (including gas-filled, semiconductor, scintillationoptical systems, storage TL phosphor systems, film, diamond, alanine, gel, calorimeter, chemical), nonionizing electromagnetic radiation, ionizing particles, chemical and biochemical. Explain quantitatively the following characteristics of ionizing radiation sensors/detectors: pulse height spectrum and energy resolution, counting curves and plateau, detection efficiency and energy response, dead time and temporal resolution. Describe and explain in detail equipment used for gamma and X-ray spectrometry. Explain the electronic modules used in radiation sensing systems. Explain how signals are classified (dimensionality, periodicity, continuity, determinism), acquired, converted to digital form and processed (signals as function of time, spatial coordinates or both, include both continuous and pulse signals). Describe and explain the following: temporal/ frequency representation of signals, Fourier transform, statistical description of signals, power spectral density, autocorrelation function, sample (discrete) signals, delta function and its Fourier transform, Fourier transform of a periodic discrete signal (DFT), the FFT, the effect of finite sample intervals, linear processors, impulse response, convolution integral and theorem, various types of filters used in the processing of medical signals. Explain the meaning of traceability, calibration and standards. List and describe quantitatively and in detail the properties and means of production and control of ionising and non-ionising electromagnetic radiations, particulate radiation beams and ultrasound. List and describe the interactions of ionising and non-ionising electromagnetic radiations, particulate charged radiation (electron and ion beams), neutrons and ultrasound and energy absorption/ deposition in inanimate and animate matter (including a quantitative treatment of photon beam attenuation, photoelectric absorption, Rayleigh and Compton scatter, pair-production and the variation of cross-section with photon energy). Explain the concepts of cross-section. Competence Equip a laboratory for the measurement of physical quantities relevant to Nuclear Medicine. Take responsibility for the good practice in the use of sealed/unsealed sources of ionizing radiation. Take responsibility for the inventory of sealed radiation sources present in the laboratory and in the hospital environment. Support the measurement of physical quantities relevant to Nuclear Medicine. Take responsibility for the handling, management and maintenance of radiation measurement devices. Supervise image reconstruction and image handling procedures.
Knowledge Describe how dosimetric calculations may be made in diagnostic and therapeutic practice, and how this conditions the level of accuracy required.
Patient dose optimization KSC
Explain the MIRD scheme, understanding its development and the fundamental characteristics and limitations of the formalism, and how this governs its usage. Explain the role of the ICRP in the development of the dosimetric formalism, including use of the ICRP reference phantoms. List the various equipments and devices required within the context of patient dosimetry including probes, well counters, activity calibrators, gamma cameras & PET scanners (including hybrid systems). Define the reproducibility of the patient positioning and list the methods assuring reproducibility in image quality. Describe calibration factors including phantom set up and measurements for dosimetry specific image quantification. Describe the influence of the equipment settings (e.g. choice of energy windows, collimators, scan duration, count statistics) on dosimetry results and how temporal sampling (scheduling of image acquisition) affects the results obtained. Describe and explain the role and influence of attenuation, background and scatter corrections/ geometry/shielding/collimators/dead time correction, partial volume effect, cross-talk, when relevant, in all devices involved in activity determination for dosimetry. Describe the influence of the reconstruction method and the respective parameters used in processing parameters in PET/SPECT (e.g. cut-off frequency, number of iterations, number of subsets, post-filtering type and parameters) on dosimetry results. Explain how cumulated activity is derived from timeeactivity curve data by appropriate methods, including curve fitting algorithms and compartmental analysis. Explain how standard geometric models may be made patient-specific by scaling to individual body mass, organ volume/mass and tissue density. List the main types of computer codes used for dose calculation. List methods for determining patient-specific organ masses including the respective errors and explain the difference between morphological and functional volume of organs or lesions. Describe the principles of tumour dosimetry. Explain the fundamental limitations of dosimetry at the organ level, for instance in deriving tumour dosimetry, taking into account activity and density heterogeneities.
Describe the application and use of techniques for absorbed dose determination at the sub-organ, voxel and cellular level, in the context of molecular radiotherapy. Describe how Dose-Volume-Histograms or isodose curves are calculated and what results should be provided.
Skills
Distinguish between the requirements for radiation protection dosimetry and the need for patientspecific dosimetry in a therapeutic setting. Develop skills for designing optimised dosimetry protocols and calculation procedures for molecular radiotherapy.
Develop skills for assessing the requirements for quantitative imaging and/or other measurements for dosimetric purposes.
Develop skills for calculating cumulated activity (incl. curve-fitting techniques and use of compartmental modelling). Develop methods for assuring reproducibility of dosimetry assessments. Perform dosimetric calculations using the MIRD formalism, including the appropriate adaptation of standard models and data to achieve patient-specific estimates. Delineate the differences between the methods used for calculating S factors (point-kernel vs. Monte-Carlo). Delineate how accurately organ masses are determined using different modalities. Calculate whole body, organ and tissue absorbed doses (or effective doses when relevant) from clinical data, e.g. using tools such as OLINDA. Develop skills for applying the correct radiobiological concepts. Determine when voxel-based dosimetry and use of dose-volume histograms is appropriate.
Competence Take responsibility for dosimetric investigations including the supervision of dosimetric measurements. Take responsibility and supervise the development of appropriate dosimetry protocols including quantitative imaging aspects, time-sampling, timeeactivity curves derivation and absorbed dose calculations. Advise on the statutory and institutional requirements for Medical Physics Services in Nuclear medicine with respect to patient safety/risk management in a therapeutic context.
Knowledge
Explain the concepts of absorbed dose and effective dose and the ALARA principle as applied to patient dose optimisation in Nuclear Medicine. Describe how diagnostic and therapeutic medical exposures are managed in the context of Nuclear Medicine, including the application of Diagnostic Reference Levels and optimisation of dose through prescription of the activity, the procedure and protocol to be used.
Occupational/public dose optimisation KSC
Explain how standard exposures and procedures can be modified in special cases, e.g. the pregnant patient, the lactating patient, and paediatric patients. Explain how research medical exposures are managed in the context of Nuclear Medicine, including the processes of ethical review and clinical trials administration and governance and the use of appropriate dose constraints. Describe the process and practical implementation of radiation risk assessments in the context of Nuclear Medicine using techniques for the qualitative and quantitative assessment of risk, and the assessment of absorbed dose to the patient arising from both internal and external sources of exposure. Explain radiation quantities related to CT devices as part of hybrid systems.
Skills
Estimate relevant activity to inject to paediatric patients according to international recommendations. Systematize the inclusion of dosimetry reports based on injected activity and ICRP data for diagnostic procedures in patient medical records. Estimate foetus effective dose in pregnant patients. Apply relevant guidance document in dosimetry reporting for molecular radiotherapy. Interpret radiation quantities related to CT devices as part of hybrid systems and apply these appropriately to dose optimization.
Competence
Take responsibility for patient dose optimisation within the Nuclear Medicine facility. Take responsibility for ensuring the optimal patient radiation protection applying the ALARA principle. Advise on the statutory and institutional requirements for Medical Physics Services in Nuclear medicine with respect to patient safety/risk management for diagnostic & therapeutic procedures.
Knowledge
Describe the key considerations when designing a new Nuclear Medicine facility that optimise radiation safety of workers and the public (including classification of radiation areas); to include diagnostic Nuclear Medicine imaging with PET and multimodality imaging, non-imaging or in-vitro laboratory procedures, radionuclide therapy, and radiopharmaceutical production including cyclotron PET tracer production. Explain the need for, and use of radiation risk assessments in Nuclear Medicine using qualitative and quantitative risk assessment, and the assessment of absorbed dose to workers and public arising from internal and external exposure. Describe the requirements for regulatory compliance with respect to the management and use of sealed and unsealed radiation sources, including security considerations, requirements for storage, shielding, record-keeping and audit. Describe the requirements for regulatory compliance with regard to the management and disposal of radioactive waste and the transportation of radioactive substances.
Explain the nature and sources of internal and external radiation exposure and the relevant dose limits in Nuclear Medicine for the worker, including extremity doses and dose limits for pregnant and lactating workers, and young workers, and the public, and dose constraints for comforters and carers. Explain how therapeutic exposures are managed in both inpatient and outpatient contexts. Describe factors for optimizing acquisition/processing procedures to decrease CT dose in combined modalities.
Describe and explain the ALARA principle. Describe appropriate systems for monitoring absorbed dose to pregnant and lactating workers, young workers, and the public, including selection, management and calibration of devices used to record absorbed doses and practical techniques for absorbed dose measurement. Explain the practical application of the principles of time, distance and shielding to the radiation safety of the worker and public from Nuclear Medicine practices. Explain how good radiation safety practice and appropriate personal protective equipment minimises internal radiation exposure of the worker and public in Nuclear Medicine. Describe the role of designated radiation protection officers in the management of systems for radiation safety in Nuclear Medicine. Explain the purpose and implementation of formal systems of work ('local rules') with regard to radiation safety in Nuclear Medicine. Explain the nature of contamination and practical measures required to affect environmental and personal decontamination in Nuclear Medicine; its relevance to radiation safety of the worker and public, and the principles, systems and precautions required to minimise the hazard. Describe the principles of contingency planning and emergency procedures in Nuclear Medicine. Describe suitable processes for the reporting of radiation incidents in Nuclear Medicine, using root cause analysis and other tools to determine the underlying cause(s).
Skills
Design a new Nuclear Medicine facility; including diagnostic Nuclear Medicine imaging with PET and multi-Clinical Nuclear Medicine device management KSC modality imaging, non-imaging or in-vitro laboratory procedures, radionuclide therapy, and radiopharmaceutical production including cyclotron PET tracer production. Classify appropriately radiation areas within a Nuclear Medicine facility. Develop a detailed organisational (hospital) policy to support the radiation safety of staff and public in Nuclear Medicine.
Develop an organisational (hospital) policy for regulatory compliance with regard to the management of radiation sources and radiation waste. Develop a policy for regulatory compliance with regard to the transportation of radioactive substances. Implement appropriate systems for monitoring the absorbed dose of the worker (including pregnant and lactating workers), comforters and carers and the public; including selection, management and calibration of devices used to record absorbed doses and practical techniques for absorbed dose measurement. Apply the concept of ALARA and the principles of time, distance and shielding to the radiation safety of the worker and public in Nuclear Medicine. Apply good radiation safety practice and the appropriate use of personal protective equipment to minimise internal and external radiation exposure of workers and the public arising from Nuclear Medicine. Develop formal systems of work ('local rules') with regard to radiation safety in Nuclear Medicine. Investigate radiation incidents in Nuclear Medicine to determine the cause(s) and recommending appropriate remedial action(s). Develop contingency plans for emergency procedures relevant to Nuclear Medicine.
Competence
Take responsibility for the design of a Nuclear Medicine facility; including diagnostic Nuclear Medicine imaging with PET and multi-modality imaging, non-imaging or in-vitro laboratory procedures, radionuclide therapy, and radiopharmaceutical production (aspects related to radiation) including cyclotron PET tracer production. Take responsibility for the classification of radiation areas within a Nuclear Medicine facility. Take responsibility for the implementation of a detailed organisational (hospital) policy to support the radiation safety of staff and public in Nuclear Medicine. Take responsibility for regulatory compliance with respect to the management of radiation sources and radiation waste. Take responsibility for regulatory compliance with regard to the transportation of radioactive substances. Take responsibility for the implementation of formal systems of work ('local rules') with regard to radiation safety in Nuclear Medicine. This curriculum has been given in terms of LO's; in order to be fully implemented in practice, it has to be converted in a syllabus that comprises both the theoretical arguments and the practical training. In the appendices A and B two examples are given on how the LO's described in Section 4.4 could be related to a more conventional syllabus in Nuclear Medicine, The key activities that have been chosen are Comprehensive physics problem solving service and Clinical Involvement and are reported in appendix A and B, respectively, both in terms of the theoretical part and the practical training. 
Practical training
A basic practical training could be set up as specified in the IAEA Training Course Series No. 50, "Clinical Training of Medical Physicists specialising in Nuclear Medicine" [19] . This course is considered to be a minimum prerequisite for the practical training. Some of the knowledge, skills and competencies listed in this document go beyond the suggestions for training of the IAEA. Therefore, an advanced practical training curriculum should be compiled that surpasses the contents of the basic IAEA training course. In this curriculum local competencies and expertise should also be included. 
